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(57) ABSTRACT 

An input circuit for an integrated circuit includes an elec 
trostatic discharge circuit. The input circuit incorporates an 
interconnect pad, an ESD protection resistor, and an inter 
connect line that are coupled to the active internal compo 
nents of the integrated circuit. The interconnect pad is 
coupled to the interconnect line, and the interconnect line is 
coupled to the ESD protection resistor Which is coupled to 
the active internal components of the integrated circuit. The 
ESD protection resistor is positioned physically proximate 

(21) Appl. No.: 09/803,156 _ _ _ _ _ 
to the active internal components of the integrated circuit 

(22) Filed; Man 9, 2001 and adjusted in value to compensate for the intrinsic resis 
tance or RC time constant of the interconnect line. The 

Publication Classi?cation circuitry provides for a loWer signal propagation delay 
through the external connection because of loWer RC time 

(51) Int. Cl.7 ..................................................... .. H02H 9/00 constants to drive the capacitance of the interconnect. 
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ELECTROSTATIC DISCHARGE PROTECTION 
WITH INPUT IMPEDANCE 

TECHNICAL FIELD OF THE INVENTION 

[0001] The invention relates to integrated circuits, and 
more particularly, to electrostatic discharge protection cir 
cuits. 

BACKGROUND OF THE INVENTION 

[0002] Electrostatic discharge (ESD) voltage and current 
can be a major source of damage for integrated circuits. ESD 
can be a problem With an integrated circuit that is not in 
operation or coupled to a circuit. At these times, many of the 
integrated circuit’s external connections are ?oating and 
exposed to damage. The potential for ESD damage has 
become even more of a predominant issue With the decreas 
ing device siZes, spacing, and operating voltages of modem 
components, all of Which has the effect of increasing the 
likelihood of an ESD event causing damage. 

[0003] The primary object of most common types of ESD 
protection is to isolate vulnerable internal circuitry from an 
ESD event. An integrated circuit connects to its external 
environment through interconnect pads (also referred to as 
die terminals, bond pads, die pads, or contact pads). Typi 
cally an ESD protection circuit is incorporated at, or shortly 
after, the interconnect pad in an integrated circuit and 
contains breakdoWn devices and current limiting devices 
that provide an alternative and more durable path for the 
damaging ESD voltage and current to ?oW through. ESD 
protection circuitry, hoWever, While necessary for ESD 
event survival, can interfere With signal transmission speed 
and increase capacitive loading When the integrated circuit 
is operation. Therefore in ESD protection circuitry a balance 
is sought Which preserves signal speed While not over 
exposing the integrated circuit to damage from ESD. 

[0004] Various techniques have been utiliZed in construct 
ing ESD protection circuits for integrated circuits and are 
Well knoW to those skilled in the art. One such common ESD 
technique is to incorporate an input buffer of more durable 
circuit components betWeen the interconnect pad and the 
internal active circuitry that is capable of better absorbing 
the elevated potentials of a given ESD event. HoWever, these 
heavier duty components typically also have a higher input 
drive requirements and corresponding signal propagation 
delays that can become unacceptable to the design speci? 
cations of the integrated circuit. Another technique is to 
incorporate one or more clamping diodes or other such 
breakdown circuits that couple an ESD event to a discharge 
path aWay from the more damage susceptible input compo 
nents. A further technique is to incorporate “guard rings” of 
opposite carrier, or over doped similar carrier, semiconduc 
tor that form a protecting diode or conduction path system 
around the input circuitry and interconnect pads. 

[0005] A common ESD protection technique is to incor 
porate a resistance into the integrated circuit input just after 
the interconnect pad. One of the effects of this input resis 
tance has is to current limit the ESD event. An ESD damping 
input resistance incorporated at the interconnect pad helps 
dissipate an ESD event quickly and contain it near the 
interconnect pad. Unfortunately, this technique can cause a 
signi?cant signal propagation delay issue by adding a higher 
RC time constant When the ESD input resistance is com 
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bined With the capacitive load of the input circuit and 
interconnect line. Unless the external drive of the integrated 
circuit input is made larger, it noW Will take longer to charge 
the input interconnect’s capacitive load through the ESD 
protection resistance. The reduction in device and feature 
siZe in modern integrated circuits has increased resistance of 
the interconnect lines themselves to become a signi?cant 
factor in the total input resistance. These interconnect line 
resistances add to the ESD resistance giving a larger effec 
tive input resistance than intended. Furthermore, the inter 
connect resistances tend to be of variable siZe, as the input 
interconnect lines are of differing lengths and cross section. 
This leads to issues of varying RC time delay on different 
input lines, a signi?cant issue in high speed and synchronous 
design. 
[0006] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for a system to reduce signal 
delay from ESD. Additionally there is a need for the ability 
to have matched delays or resistances across inputs. 

SUMMARY OF THE INVENTION 

[0007] The above-mentioned problems With ESD input 
resistance and other problems are addressed by the present 
invention and Will be understood by reading and studying 
the folloWing speci?cation. 

[0008] In one embodiment, an integrated circuit comprises 
an interconnect pad, an interconnect line having a ?rst end 
coupled to the interconnect pad, a resistor coupled to an 
opposite second end of the interconnect line, Wherein the 
resistor is adjusted to compensate for an inherent resistance 
of the interconnect line, and an electrostatic protection 
circuit coupled to the resistor. 

[0009] A method for coupling an external signal to the 
input of an integrated circuit comprises receiving an external 
signal at an interconnect pad, coupling the signal to a 
conductor line, coupling the signal from the conductor line 
to a resistor, Wherein the resistor has been selectively 
adjusted to compensate for an internal resistance of the 
conductor line, coupling the resistor to an electrostatic 
protection circuit, and coupling the signal from the resistor 
to an internal circuit. 

[0010] Another method of adjusting an integrated circuit 
for a speci?c input resistance comprises coupling an inter 
connect pad to an interconnect line, coupling the intercon 
nect line to a resistor, coupling the resistor to an internal 
circuit of the integrated circuit, coupling the resistor to an 
electrostatic protection circuit, and adjusting the resistor to 
achieve a speci?c input resistance for the integrated circuit 
and compensate for a resistance of the interconnect line. 

[0011] In a further method of adjusting an integrated 
circuit for a speci?c input RC time constant comprises 
coupling an interconnect pad to an interconnect line, cou 
pling the interconnect line to a resistor, coupling the resistor 
to an internal circuit of the integrated circuit, adjusting the 
resistor to achieve the speci?c input RC time constant for the 
integrated circuit, compensating for a resistance and capaci 
tance of the interconnect line, and coupling the resistor to an 
electrostatic protection circuit. 

[0012] In another embodiment a memory device com 
prises an address interface coupled to a ?rst interconnect pad 
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circuit, a ?rst interconnect circuit coupled to the ?rst inter 
connect pad circuit, a ?rst resistor circuit coupled to the ?rst 
interconnect circuit, Wherein the ?rst resistor circuit is 
adjusted to compensate for a resistance of the ?rst intercon 
nect circuit, a data interface coupled to a second interconnect 
pad circuit, a second interconnect circuit coupled to the 
second interconnect pad circuit, a second resistor circuit 
coupled to the second interconnect circuit, Wherein the 
second resistor circuit is adjusted to compensate for a 
resistance of the second interconnect circuit, a control inter 
face coupled to a third interconnect pad circuit, a third 
interconnect circuit coupled to the third interconnect pad 
circuit, and a third resistor circuit coupled to the third 
interconnect circuit, Wherein the third resistor circuit is 
adjusted to compensate for a resistance of the third inter 
connect circuit. 

[0013] In a further embodiment, an electrostatic discharge 
protection circuit comprises an interconnect pad coupled to 
a conductor, a resistor coupled to the conductor, Wherein the 
resistor is adjusted to compensate for a resistance of the 
conductor such that the combined resistance of the resistor 
and the resistance of the conductor are substantially equal to 
a prede?ned value, and an electrostatic discharge circuit 
coupled to the resistor. 

[0014] In yet another embodiment an integrated circuit 
comprises a ?rst interconnect pad, a second interconnect 
pad, a ?rst interconnect line having a ?rst end coupled to the 
?rst interconnect pad, a second interconnect line having a 
?rst end coupled to the second interconnect pad, a ?rst 
resistor, R1, coupled to an opposite second end of the ?rst 
interconnect line, Where the ?rst resistor is adjusted to 
compensate for an inherent resistance of the ?rst intercon 
nect line, RLl, a second resistor, R2, coupled to an opposite 
second end of the second interconnect line, Where the second 
resistor is adjusted to compensate for an inherent resistance 
of the second interconnect line, RL2, and such that R1+RL1= 
R2+RL2, a ?rst electrostatic protection circuit coupled to the 
?rst resistor, and a second electrostatic protection circuit 
coupled to the second resistor. 

[0015] In another embodiment an integrated circuit com 
prises ?rst and second interconnect pads, a ?rst interconnect 
line having a line resistance of Ru, a line capacitance of 
Cu, and a ?rst end coupled to the ?rst interconnect pad, a 
second interconnect line having a line resistance of RL2, a 
line capacitance of CL2, and a ?rst end coupled to the second 
interconnect pad, a ?rst resistor, R1, coupled to an opposite 
second end of the ?rst interconnect line, Where a value of the 
?rst resistor is selected to set a ?rst input RC time constant 
in combination With the ?rst interconnect line, Where the 
?rst input RC time constant is (R1+RL1) CLl, a second 
resistor, R2, coupled to an opposite second end of the second 
interconnect line, Where the second resistor is selected to set 
a second input RC time constant in combination With the 
second interconnect line, Where the second input RC time 
constant is (R2+RL2) CL2, and such that (R1+RL1) CL2=(R2+ 
RL2) CL2, a ?rst selectable electrostatic discharge path 
coupled to the ?rst resistor, and a second selectable electro 
static discharge path coupled to the second resistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a diagram of a prior art integrated circuit 
input, shoWing interconnect pad, ESD resistor, an ESD 
protection device, and active integrated circuit components. 
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[0017] FIG. 2 is a simpli?ed diagram of a prior art 
integrated circuit With multiple inputs, shoWing interconnect 
lengths, interconnect pads, input ESD resistors, and active 
integrated circuit components. 

[0018] FIG. 3 is a simpli?ed diagram of an integrated 
circuit With multiple inputs of an embodiment of the present 
invention. 

[0019] FIG. 4 is a simpli?ed diagram of a memory device 
With inputs of an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings that form a part hereof, and in Which is shoWn by 
Way of illustration speci?c preferred embodiments in Which 
the inventions may be practiced. These embodiments are 
described in suf?cient detail to enable those skilled in the art 
to practice the invention, and it is to be understood that other 
embodiments may be utiliZed and that logical, mechanical 
and electrical changes may be made Without departing from 
the spirit and scope of the present invention. The folloWing 
detailed description is, therefore, not to be taken in a limiting 
sense, and the scope of the present invention is de?ned only 
by the claims. 

[0021] ESD events can be a problem for all eXternal 
connections of an integrated circuit and present potentially 
damaging transients. In this respect both inputs and output 
circuits are vulnerability points for an integrated circuit, 
even though the more robust circuits that typically comprise 
an output make it potentially more durable. 

[0022] FIG. 1 illustrates a simpli?ed eXample of an inte 
grated circuit input With an interconnect pad 100, an inter 
connect line 106, an ESD resistor 102, an ESD protection 
circuit 104, and an internal integrated circuit of active 
components 108. External input signals come into the inte 
grated circuit through interconnect pad 100 and pass through 
the coupled ESD resistor 102. They then pass through the 
coupled interconnect line 106 on their Way to the active 
components of the integrated circuit inputs 108, to be 
processed as input. The ESD resistor in these applications is 
typically in the range of 300 ohms to 1 k-ohms. During an 
ESD transient event, the ESD event signal comes in to the 
interconnect pad from the external connection leads (not 
shoWn), and is damped by the coupled ESD resistor 102. The 
remaining components of the ESD event trigger the ESD 
protection circuitry Which shunts the damped ESD event 
aWay from the interconnect line 106 and the less robust 
internal active integrated circuit input components 108. The 
ESD protection circuitry is shoWn as comprising a diode 
coupled transistor 104 in FIG. 1, although other alternative 
ESD protection circuits are Well knoWn to those skilled in 
the art. 

[0023] Guard rings (not shoWn) are typically also inserted 
into the input circuit of FIG. 1. The guard rings, if utiliZed, 
are placed to surround the interconnect pad 100, ESD 
resistor 102, and ESD protection circuitry, if possible, and 
are designed to localiZe the ESD event signal to the input 
circuit and prevent crossover. 

[0024] FIG. 2 provides an eXample of a multiple input 
circuit With interconnect lines of differing lengths. Input 
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signals come into an interconnect pad (110, 112, or 114) to 
the integrated circuit and are passed through the correspond 
ing coupled ESD resistors (116, 118, or 120). The ESD 
resistors in turn pass the input signal to their coupled 
interconnect line (122, 124, or 126) to the active input 
components internal to the integrated circuit 128. In an ESD 
transient event, the ESD signal comes into the input circuit 
of FIG. 2 through the input interconnect pads (110, 112, and 
114) to the integrated circuit. The ESD signal is then damped 
by the ESD resistors (116, 118, and 120), and is shunted 
aWay from the active input components internal to the 
integrated circuit 128 by the ESD protection circuits ( 214, 
216, and 218). 
[0025] One of the aspects of the input circuit of FIG. 2 is 
that the interconnect lines (122, 124, and 126) that have a 
parasitic resistance (RL1 190, RL2 192, and RL3 194) and 
capacitance (196, 198, and 200). This interconnect line 
resistance adds to the resistance of the ESD protection 
resistance to give a input total resistance of Rtotal=RL+RESD 
for each input circuit line. 

[0026] The parasitic resistance of the interconnects is 
variable and depends on the resistivity (material) of the 
interconnect, the cross sectional area, and the length of the 
interconnect. Generally, the resistance of an interconnect is 
stated as R=(p1)/(W t), Where p is resistivity, l is the length 
of the interconnect, W is the Width of the interconnect, and 
t is the thickness. As stated above, the parasitic resistance 
(RL) adds to that of the ESD resistor (RESD) to give a total 
input resistance of RtOta1=RL+RESD for an individual input 
circuit line. The intrinsic line capacitance of an interconnect 
line can be generally described in silicon as C=(EW l)/tOX, 
Where e is permittivity, W is line Width, and tOX is the 
thickness of the oxide. It is noted that this is only the 
capacitance of the line to the bulk of the silicon of the 
integrated circuit. Line to line parasitic capacitance is a 
signi?cant effect that increases With reduced line spacing 
and is not accounted for With the above calculation. The RC 
time constant of the line is therefore a product of this Rtotal 
and any input capacitance, C, and signi?cantly affects the 
overall line delay of a given input line With a speci?ed signal 
voltage. Thus the length of the interconnect line adds both 
undesired resistance and capacitance to the input circuit. 
These undesired input RC time constants add to the propa 
gation delay of signals through the circuit and can cause 
problems With setup and hold time requirements for the 
signal. For eXample, a typical BSD and input line resistance 
of 500 ohms and a line capacitance of 2 pf causes a RC time 
constant of 1 ns, Which is enough to cause issues in modem 
circuits Where a typical 100 MHZ clock speed can give 10 ns 
clock periods. 

[0027] In addition, as described above, the interconnect 
input and output lines of an integrated circuit are typically 
also of differing lengths. Thus, in the circuit of FIG. 2, While 
the ESD resistors are of equal values (RESD=RESD=RESD), 
the interconnect line resistances and capacitances are not the 
same (RL1;+=RL2;+=RL3 and CL1#CL2#CL3) because of line 
length. Therefore, because of the interconnect line resis 
tances, the individual line resistances are not the same 

(RLl+RESD#RL2+RESD#RL3+RESD). This variation in inter 
connect length causes differences in the input resistances 
and RC time constants of grouped signal lines (i.e., data 
lines or address lines), and propagation times of the grouped 
signal lines Would therefore differ. This can cause problems 
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With setup and hold time requirements of these grouped lines 
and is not a good circumstance for high speed or synchro 
nous systems. 

[0028] ShoWn in FIG. 3 is an integrated circuit of an 
embodiment of the present invention. The integrated circuit 
has multiple inputs and interconnect connections of differing 
lengths. Input signals are received at an interconnect pad 
(130, 132, or 134) to the integrated circuit and are passed 
through the corresponding coupled interconnect lines (142, 
144, or 146). The interconnect lines (142, 144, or 146) each 
have a parasitic resistance (RL1 202, RL2 204, and RL3 206) 
and capacitance (208, 210, and 212). The interconnect lines 
(142, 144, or 146) in turn pass the input signals to their 
corresponding coupled ESD resistor (136, 138, or 140). The 
input signals then pass through the ESD resistors to the 
active input components internal to the integrated circuit 
148. In an ESD transient event, an ESD event signal comes 
to the circuit into the input circuit of FIG. 2 through the 
input interconnect pads (130, 132, and 134) and is passed to 
the corresponding ESD resistors (136, 138, and 140) by the 
coupled interconnect lines (142, 144, or 146). The incoming 
ESD event signal is then damped by the ESD resistors (136, 
138, and 140), and is shunted aWay from the active input 
components 128 by the ESD protection circuits (220, 222, 
and 224). 

[0029] In the circuit of FIG. 3, the ESD resistors (136, 
138, and 140) are placed after the interconnect lines (142, 
144, or 146) proXimate to the active circuitry of the inte 
grated circuit 148. It is noted that the prior art teaches aWay 
from this placement of an ESD resistive load close to the 
active components and aWay from the interconnect pad. 
HoWever, such placement puts the line capacitance before 
the ESD resistance and therefore the RC constant of the line 
is loWer. Thus, the capacitance of the input circuit and 
interconnect line can be more easily driven by the eXternal 
circuitry. 
[0030] Additionally, the ESD resistors in the circuit of 
FIG. 3 can be trimmed to take into account the inherent 
interconnect line resistance that they are coupled to. This 
alloWs for the combined resistance for each input line to be 
set as speci?ed by the circuit design and avoid the additional 
undesired input resistance. Furthermore, the combined Rtotal 
for each input can be trimmed to be uniform and the inputs 
for other lines are predictable (i.e., control signal lines, etc), 
in other Words> Rtotal=RL1+RESD1=RL2+RESD2=RL3+RESD3' 
Or, alternatively the individual RC time constants can be 
adjusted to uniform (RCL1=RCL2=RCL3). An advantage for 
common usage inputs (i.e., data or address lines) in high 
speed or synchronous systems. 

[0031] It is noted that the ESD resistor can be placed at 
input interconnect pad and similarly trimmed to accommo 
date the inherent resistance of the interconnect line and 
produce a predictable and uniform input resistances and RC 
time constants. HoWever, this approach lacks the advantage 
of reducing the input RC time constants and line transition 
times, as the interconnect line capacitance must be charged 
through the resistance of the ESD resistor placed at the 
interconnect pad. 

[0032] In the embodiment of FIG. 3, guard rings may still 
be placed around the input interconnect pads, ESD resistors, 
and other input circuits to provide additional ESD event 
protection. HoWever, in the con?guration of the circuit of 
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FIG. 3, the guard rings must be placed near to the active 
inputs because of the placement of the ESD resistors in the 
circuit of FIG. 3. Because of this close placement of guard 
rings, the design should be carefully laid out to avoid 
problems With latch up. 

[0033] FIG. 4 shoWs an example of a non-volatile 
memory device of an embodiment of the present invention. 
It is noted that the memory device of FIG. 4 is only shoWn 
as an example, and embodiments of the present invention 
can include multiple types of other integrated circuits (i.e., 
a processor, a volatile memory device, an ASIC, and etc.). 
Memory devices are Well knoWn in the prior art and the 
folloWing description is intended only to be an overvieW of 
their operation and provide an example of their operation 
With an embodiment of the present invention. 

[0034] The non-volatile memory device of FIG. 4 con 
tains an array of non-volatile ?oating gate memory cells 
arranged in columns coupled to bit lines as its main memory 
structure. In the memory device of FIG. 4, address values 
for the memory are received on the external address bus 
connections 150. The received address values are stored 
internal to the memory device and utiliZed to select the 
memory cells in the array to read and Write data to. In the 
case of the memory device of FIG. 4, the internal address 
register is shoWn split With both a roW address register 156 
and column address register 158. The address values held in 
the roW address register 156 and column address register 
158, select a data Word from the non-volatile memory cell 
array 160 through the coupled roW decode 162 and column 
decode 164 circuits. The selected data Word is read by the 
coupled sense ampli?er circuit 166. Data values for the 
memory device of FIG. 4 are received and transmitted on 
the bidirectional data Word interface 154. Internal to the 
memory device, data to be Written to or from the memory 
array 160 is held in the Data I/O buffer 168. Control of the 
memory device of FIG. 4 for both read operations and Write 
operations is actuated by the internal control circuit 170. The 
control circuit 170 operates in response external control 
signals received on control signal external interface connec 
tions 152 to internal events. 

[0035] As shoWn in FIG. 4 all external signal connections 
to the memory device are coupled to internal interconnect 
pads on the internal integrated circuit chip (172, 174, and 
176). Interconnect pads are shoWn for each of the major 
interfaces, address interconnect pads 172, data interconnect 
pads 174, and control signal interconnect pads 176. Inter 
connect lines (178, 180, and 182) couple the interconnect 
pads (172, 174, and 176) to their corresponding ESD resistor 
circuits (184, 186, and 188) that are implemented proximate 
to the active component input circuits that accept the incom 
ing signals. The individual ESD resistors in the ESD resistor 
circuits (184, 186, and 188) can be adjusted in value to 
account for the interconnect line resistance of the variable 
length interconnect lines. These input circuits have inher 
ently loW RC time constants for the input circuits and 
resulting propagation delays for better high speed and syn 
chronous performance. Additionally, the input resistances of 
the common usage lines in the memory device, the address 
interface 150, and the data interface 154, can be trimmed to 
match each other in resistance. Alternatively, the resistance 
of the input line can be adjusted to make the RC time 

Sep. 12, 2002 

constant/propagation delay of the common usage lines as 
minimal and as similar as possible for better high speed or 
synchronous operation. 

Conclusion 

[0036] An input circuit for an integrated circuit is 
described, having an electrostatic discharge circuit. The 
input circuit incorporates an interconnect pad, an ESD 
protection resistor, and an interconnect line that are coupled 
to the active internal components of the integrated circuit. 
The interconnect pad is coupled to the interconnect line, and 
the interconnect line is coupled to the ESD protection 
resistor, Which is coupled to the active internal components 
of the integrated circuit. The ESD protection resistor is 
positioned physically proximate to the active internal com 
ponents of the integrated circuit and adjusted in value to 
account for the intrinsic resistance or RC time constant of 
the interconnect line. The described invention provides for a 
predictable input resistance and loWer signal propagation 
delays through the external connection because of loWer RC 
time constants to drive the capacitance of the interconnect. 
An additional bene?t is uniform signal propagation delays 
for grouped signal lines such as data input output lines or 
address lines. 

[0037] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement, Which is 
calculated to achieve the same purpose, may be substituted 
for the speci?c embodiment shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents 
thereof. 

What is claimed is: 
1. An integrated circuit comprising: 

an interconnect pad; 

an interconnect line having a ?rst end coupled to the 
interconnect pad; 

a resistor coupled to an opposite second end of the 
interconnect line, Wherein the resistor is adjusted to 
compensate for an inherent resistance of the intercon 
nect line; and 

an electrostatic protection circuit coupled to the resistor. 
2. The integrated circuit of claim 1, Wherein the resistor 

is coupled to an input circuit that comprises active compo 
nents. 

3. The integrated circuit of claim 2, Wherein the resistor 
is physically proximate to the input circuit that comprises 
active components. 

4. The integrated circuit of claim 1, Wherein the intercon 
nect pad is coupled to receive a control signal input. 

5. The integrated circuit of claim 1, Wherein the intercon 
nect pad is coupled to receive a data input. 

6. The integrated circuit of claim 1, Wherein the intercon 
nect pad is coupled to receive an address input. 

7. The integrated circuit of claim 1, Wherein the integrated 
circuit is a memory device. 

8. The integrated circuit of claim 7, Wherein the memory 
device is a non-volatile memory device. 

9. The integrated circuit of claim 1, Wherein the electro 
static protection circuit is a transistor. 
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10. The integrated circuit of claim 1, Wherein the inter 
connect line is metal. 

11. The integrated circuit of claim 1, Wherein the inter 
connect line is polysilicon. 

12. The integrated circuit of claim 1, Wherein the resistor 
is adjusted after fabrication of the integrated circuit. 

13. A method for coupling an eXternal signal to the input 
of an integrated circuit comprising: 

receiving an external signal at an interconnect pad; 

coupling the signal to a conductor line; 

coupling the signal from the conductor line to a resistor, 
Wherein the resistor has been selectively adjusted to 
compensate for an internal resistance of the conductor 
line; 

coupling the resistor to an electrostatic protection circuit; 
and 

coupling the signal from the resistor to an internal circuit. 
14. A method of adjusting an integrated circuit for a 

speci?c input resistance comprising: 

coupling an interconnect pad to an interconnect line; 

coupling the interconnect line to a resistor; 

coupling the resistor to an internal circuit of the integrated 
circuit; 

coupling the resistor to an electrostatic protection circuit; 
and 

adjusting the resistor to achieve a speci?c input resistance 
for the integrated circuit and compensate for a resis 
tance of the interconnect line. 

15. The method of claim 14, Wherein the internal circuit 
of the integrated circuit comprises active components. 

16. The method of claim 14, further comprising locating 
the resistor physically proximate to the internal circuit of the 
integrated circuit. 

17. The method of claim 14, Wherein the integrated circuit 
is a memory device. 

18. The method of claim 17, Wherein the memory device 
is a non-volatile memory device. 

19. The method of claim 14, Wherein the electrostatic 
protection circuit is a transistor. 

20. The method of claim 14, Wherein the interconnect line 
is metal. 

21. The method of claim 14, Wherein the interconnect line 
is polysilicon. 

22. The method of claim 14, Wherein adjusting the resistor 
occurs after fabrication of the integrated circuit. 

23. A method of adjusting an integrated circuit for a 
speci?c input RC time constant comprising: 

coupling an interconnect pad to an interconnect line; 

coupling the interconnect line to a resistor; 

coupling the resistor to an internal circuit of the integrated 
circuit; 

adjusting the resistor to achieve the speci?c input RC time 
constant for the integrated circuit, compensating for a 
resistance and capacitance of the interconnect line; and 

coupling the resistor to an electrostatic protection circuit. 
24. A method of adjusting an integrated circuit for a 

speci?c input resistance comprising: 
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coupling an interconnect pad to a resistor; 

coupling the resistor to an interconnect line and an 
electrostatic protection circuit; 

coupling the interconnect line to an internal circuit of the 
integrated circuit that comprises active components; 
and 

adjusting the resistor to achieve a speci?c input resistance 
for the integrated circuit and compensate for the resis 
tance of the interconnect line. 

25. A memory device comprising: 

an address interface coupled to a ?rst interconnect pad 

circuit; 
a ?rst interconnect circuit coupled to the ?rst interconnect 

pad circuit; 
a ?rst resistor circuit coupled to the ?rst interconnect 

circuit, Wherein the ?rst resistor circuit is adjusted to 
compensate for a resistance of the ?rst interconnect 
circuit; 

a data interface coupled to a second interconnect pad 

circuit; 
a second interconnect circuit coupled to the second inter 

connect pad circuit; 

a second resistor circuit coupled to the second intercon 
nect circuit, Wherein the second resistor circuit is 
adjusted to compensate for a resistance of the second 
interconnect circuit; 

a control interface coupled to a third interconnect pad 

circuit; 
a third interconnect circuit coupled to the third intercon 

nect pad circuit; and 

a third resistor circuit coupled to the third interconnect 
circuit, Wherein the third resistor circuit is adjusted to 
compensate for a resistance of the third interconnect 
circuit. 

26. The memory device of claim 25, Wherein the memory 
device comprises nonvolatile memory. 

27. The memory device of claim 25, further comprising: 

a ?rst electrostatic discharge circuit is coupled to the ?rst 
resistance circuit; 

a second electrostatic discharge circuit is coupled to the 
second resistance circuit; 

a third electrostatic discharge circuit is coupled to the 
third resistance circuit. 

28. The memory device of claim 25, Wherein the ?rst, 
second, and third resistance circuits are adjusted so that a 
uniform input resistance is attained across all inputs of the 
address interface, the data interface, and the control inter 
face. 

29. The memory device of claim 25, Wherein the ?rst and 
second resistance circuits are adjusted to obtain a uniform 
input resistance for the address interface and the data inter 
face. 

30. The memory device of claim 25, Wherein the ?rst, 
second, and third resistance circuits are adjusted so that a 
speci?c interface input RC time constant values are attained 
across all inputs of the address interface, the data interface, 
and the control interface. 
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31. The memory device of claim 30, Wherein the ?rst and 
second resistance circuits are adjusted to obtain a uniform 
input RC time constant value for the address interface and 
the data interface. 

32. An electrostatic discharge protection circuit compris 
ing: 

an interconnect pad coupled to a conductor; 

a resistor coupled to the conductor, Wherein the resistor is 
adjusted to compensate for a resistance of the conduc 
tor such that the combined resistance of the resistor and 
the resistance of the conductor are substantially equal 
to a prede?ned value; and 

an electrostatic discharge circuit coupled to the resistor. 
33. The electrostatic discharge protection circuit of claim 

32, Wherein the conductor comprises metal or polysilicon. 
34. The electrostatic discharge protection circuit of claim 

33, Wherein the electrostatic discharge circuit is a transistor 
coupled to ground. 

35. An electrostatic discharge protection circuit compris 
ing: 

a set of interconnect pads, Wherein each member of the set 
of interconnect pads is coupled to a member of a set of 
interconnects; 

a set of resistors, Wherein each member of the set of 
resistors is coupled to a member of the set of intercon 
nects, and Where each resistor is adjusted to compen 
sate for a resistance of the coupled member of the set 
of interconnects; and 

a set of electrostatic discharge circuits, Wherein each 
member of the set of electrostatic discharge circuits is 
coupled to one member of the set of resistors. 

36. The electrostatic discharge circuit of claim 35, 
Wherein the set of resistors are selectively adjusted to 
achieve a uniform total resistance across the set for each 
member of the set of resistors and its coupled interconnect. 

37. An integrated circuit With electrostatic discharge pro 
tection comprising: 

an interconnect pad coupled to an interconnect line; 

an electrostatic discharge protection resistor coupled to 
the interconnect line; 

an electrostatic discharge protection circuit coupled to the 
electrostatic discharge protection resistor; and 

an internal circuit coupled physically proXimate to the 
electrostatic discharge protection resistor, 

Wherein the electrostatic discharge protection resistor is 
selectively adjusted to compensate for the resistance of 
the interconnect line. 

38. An integrated circuit comprising: 

a ?rst interconnect pad; 

a second interconnect pad; 

a ?rst interconnect line having a ?rst end coupled to the 
?rst interconnect pad; 

a second interconnect line having a ?rst end coupled to the 
second interconnect pad; 

a ?rst resistor, R1, coupled to an opposite second end of 
the ?rst interconnect line, Where the ?rst resistor is 

Sep. 12, 2002 

adjusted to compensate for an inherent resistance of the 
?rst interconnect line, RLl; 

a second resistor, R2, coupled to an opposite second end 
of the second interconnect line, Where the second 
resistor is adjusted to compensate for an inherent 
resistance of the second interconnect line, RL2, and 
such that R1+RL1R2+RL2; 

a ?rst electrostatic protection circuit coupled to the ?rst 
resistor; and 

a second electrostatic protection circuit coupled to the 
second resistor. 

39. The integrated circuit of claim 38, Wherein the inte 
grated circuit is a memory device. 

40. The integrated circuit of claim 39, Wherein the 
memory device is a non-volatile memory device. 

41. The integrated circuit of claim 38, Wherein the ?rst 
and second electrostatic protection circuits comprise a tran 
sistor. 

42. The integrated circuit of claim 38, Wherein the ?rst 
and second interconnect lines comprise metal. 

43. The integrated circuit of claim 38, Wherein the ?rst 
and second interconnect lines comprise polysilicon. 

44. The integrated circuit of claim 38, Wherein the ?rst 
and second resistor are adjusted after fabrication of the 
integrated circuit. 

45. An integrated circuit comprising: 

?rst and second interconnect pads; 

a ?rst interconnect line having a line resistance of RRl, a 
line capacitance of Cu, and a ?rst end coupled to the 
?rst interconnect pad; 

a second interconnect line having a line resistance of RL2, 
a line capacitance of CL2, and a ?rst end coupled to the 
second interconnect pad; 

a ?rst resistor, R1, coupled to an opposite second end of 
the ?rst interconnect line, Where a value of the ?rst 
resistor is selected to set a ?rst input RC time constant 
in combination With the ?rst interconnect line, Where 
the ?rst input RC time constant is (R1+RL1) CD; 

a second resistor, R2, coupled to an opposite second end 
of the second interconnect line, Where the second 
resistor is selected to set a second input RC time 
constant in combination With the second interconnect 
line, Where the second input RC time constant is 
(R2+RL2) CL2, and such that (R1+RL1) CL2=(R2+RL2) 

a ?rst selectable electrostatic discharge path coupled to 
the ?rst resistor; and 

a second selectable electrostatic discharge path coupled to 
the second resistor. 

46. The integrated circuit of claim 45, Wherein the ?rst 
discharge path is selected by activating a ?rst electrostatic 
discharge transistor, and the second discharge path is 
selected by activating a second electrostatic discharge tran 
sistor. 

47. A memory device comprising: 

an address interface; 

a data interface; 

a control interface; 
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a ?rst interconnect coupled to the address interface; 

a ?rst conductor coupled to the ?rst interconnect; 

a ?rst resistor circuit coupled to the ?rst conductor, 
Wherein the ?rst resistor circuit is adjusted to compen 
sate for the resistance of the ?rst conductor; 

a ?rst electrostatic discharge circuit coupled to the ?rst 
resistor circuit; 

a second interconnect coupled to the data interface; 

a second conductor coupled to the second interconnect; 

a second resistor circuit coupled to the second conductor, 
Wherein the second resistor circuit is adjusted to com 
pensate for the resistance of the second conductor; 

a second electrostatic discharge circuit coupled to the 
second resistor circuit; 
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a third interconnect coupled to the control interface; 

a third conductor coupled to the third interconnect; 

a third resistor circuit coupled to the third conductor, 
Wherein the third resistor circuit is adjusted to com 
pensate for the resistance of the third conductor; and 

a third electrostatic discharge circuit coupled to the third 
resistor circuit. 

48. The memory device of claim 47, Wherein the ?rst, 
second, and third conductors comprise either metal or poly 
silicon. 

49. The memory device of claim 47, Wherein the ?rst, 
second, and third electrostatic discharge circuits comprise 
transistors. 


